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INTRODUCTION

Data were generated which can be used by mission planners for preliminary
vehic]e_sta@e sizing for unmanned planetary sample return missions. These missions
are characterized by an outbound leg (earth to planet) delivering an outbound pay-
load and an inbound leg (planet to earth) delivering an inbound payload. The
energy requirements can be asymmetric; that is, the outbound velocity requirement
is not necessarily equal to the inbound velocity requirement.

Qutbound stage weight (WSOUT) and inbound stage weight (Wsyy) were calculated
for a range of values of inbound and outbound payloads (Piy and Pgy7) and inbound
and outbound velocity requirements (aViy and aVour). PouT was varied from 5,000
to 60,000 pounds, Py ranged from 1,000 to 10,000 pounds, aVqyr ranged from 11,000
to 24,000 feet per second, and AViy ranged from 4,000 td;30,000 feet per second.

‘A TRW Timeshare System progrém was written to generate the data. The data are
presented in figures grouped at the end of this report.
R

DISCUSSION , g
A typical unmanned planetary sample return missfoﬁ is depicted in the following
it :
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The basic elements of this mission are: the outbound stage, payload, and
velocity requirement; and the inbound stage, payload, and velocity requirement.
It should be noted that the outbound payload is not defined to include the inbound
vehicle; the sum of these will be referred to as the total outbound payload. The
outbound payload could include an orbiter, a lander, and a stage for the planet
surface-to-orbit ascent phase.

It should also be noted that the velocity requirements are total requirements
for each leg of the mission. For example, the outbound velocity requirement could
include trans-Mars injection, midcourse maneuvers, and Mars orbit insertion plus

~any other maneuvers which would possibly be performed by the outbound propulsive

vehicle.

METHOD AND EQUATIONS
The problem is ‘to determine space vehicle stage sizes for outbound and inbound
Tegs of space missions defined by payload and energy requirements.

The impulsive velocity increment imparted to a space vehicle is defined by the

ideal rocket equation i

| T [ Yo
AV =‘9015p]" (W;) | | ;(1)
where: QO = eaith's acceleration of gravity at gea level (ft/secz)

I%p = Spécific impulse (sec)

wb = initial vehicle weight (lb)

M = final vehicle weight (1b) <,

For a given mission energy (AV) requirement the required mass ratio can then

" be written as
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- The initial vehicle weight is given by the expression

.wo = KtWg

where: - K = vehicle payload (1b)

NS = stage weight (1b) = weight of propellant + inert stage weight

The final vehicle weight is given by the expression

Nf = K+(]-A)HS

.y = . weighﬁ of propellant
where: A = propellant fraction stage weight

hence the mass ratio can be written as

i K+WS

R= =T T W

and solving for the stage weight resuits in the expression

k(R
Wg = 1JR11%KS

By specifying K, aV,g,, Isp’ and 1; equation (6) can be used to solve for
the required stage weight. The appropriate value of i can be found from a
scalihg law which relates ws and A. This scaling law (see Table I) was

- input to the Timeshare program in tabular form, hence the problem became

one of iterating for a value of Wg which satisfies both equation (6) and'the
scaling law. '

The inbound mass ratio, where PIN = Ky can be expressed as
‘ ( Ay )
Isp. g

Pin0

“Pyy + WS
= = IN IN
R = €

Py # (1-A1N7wSIN
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)
Similarly, the outbound mass’ratio, where Py, + Wspy + Poyr = K, can be

(o

expressed as

!
ouT W
e(‘ ) Pry * Wspy + Pour *+ "Sout

Is -
R = pOUT O P + b g + + - S

ouT

Note that the inbound and outbound Isp's“need not be the same and that

A will vary depending on stage weight.
Results

A typical plot of the data is illustrated below.
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These are plots of outbound stage weight (Wsyyp) versus inbound stage weight
(NSIN) for specified values of outhound payload (Poyr)and inbound payload (Prp)

- with the outbound velocity requirement (aVoyT) and the inbound velocity require-

Figure (a)

ment (AViN) as the parameters. The aVIN curves are vertical lines since WSTNs
as calculated from equation (6), is a function of N, MIN, and AVIy which are
constant along any given line. The VguTr curves are not straight Tines since
WsouT, @s calculated from equation (6), is a function of the variables WSTN

and AQuT as well as the constants Pout, AVQUT, and Piy.  This is to say that
Wspy and Pry are part of the total outbound non propulsive Weiqht,(POUT + Py
+ WSIN). This brings up the point that all of the curves plotted at the end of W
this report, and of-tlie format illustrated in Figure (a),.are excerpts of one

./ - master plol as illustrated Lelow.. : ST i
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Figure (b) Master Plot '

The AVOUT curves emanate from the origin of the coordinate system. If AOUT were
a constanﬁ, these curves would be straight lines with a slope of WSOUT/(POUT
PIN + NSIN)

If one now selects values for POUT and PIN’ a coordinate system can be defined
for Wsyp versus Wspy whose origin will be displaced from the Pour + PIN + WSy
origin by the amount Pout * Py (see dashed Tine in Figure (c)).
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Associated values of AVIN can be drawn, and the resulting Wsg; versus Wspy plot
in Figure (c) is identical to the Wsout versus Wspy plot of Figure (a) for the
respective values of POUT and PIN‘ \l

Data were generated for all combinations of the fo]]bwing values of input
parameters.

EQQI_}JEB_ IN (lb) ' AVOUT (ft/sec) IN (ft/sec)
5,000 1,000 11,000 4,000
10,000 2,000 14,000 14,000
20,000 4,000 118,000 20,000
30,000 6,000 20,000 24,000
40,000 . 8,000 22,000 26,000
50,000 10,000 24,000 - 28,000
60,000 \ 30,000

Figures 1 through 42 are plots of the data for the 42 combinations of the values of

PouT and PIN shown above. ' .
Although the curves were generated for a value of ISp equal to 460, they can :

be used for sizing vehicles with other values of I sp* For example, if it is

desired to find a stage weight for a vehicle with an I equal to 400 and a AV

equal to 20,000, the appropriate AV to refer to on the plot would be:

sV (plot) = 460 (IAV) = 460 (ggzggg) 23,000
“ sp

. T 0 e o et ety 3, e A e o Y 2

1l

SUMMARY

Data were generated which can be used to determine outbound and inbound stage
weiﬁht requirements for specified values of planetary sample return mission payload

- and _energy (aV) rcquirements The data were calculated by implementing an iterative

technique cn the TRW T1meshar System. This report contains plots o. outbound staqe -
weight versus inbound stage welght for 42 comblnat1ons of outbound gnd ln\ound payload
requ1romcnts ) ‘ "7
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Table I. Scaling Law

. Propellant Fraction (1) ﬁ
Stage Size (W) Ty, = 306 Tgp = 383 Igp = 460 g
0 0 0 0 i
10,000 9000 8800 .8000 :
30,000 9585 - .9336 8600 i
40,000 L9671 .9430 .8710 :
50,000 .9708 9528 . .8762 :
60,000 9728 19580 8807 1
70,000 .9743 .9618 8826 i
80,000 .9753 9645 8847 |
. 90,000 .9762 - .9667 8864
™ © 100,000 9768 ©.9685 8887
150,000 - .9783 9722 .8928 .
200,000 .9793 .9743 895 %
250,000 9800 .9758 . .8972 ;
300,000 .9804 - .9768 .8983 {
350,000 .9808 9775 .8989 i
400,000 .9811 .9780 8993
500,000 .9815 .9787 .8997
A00,000 .9818 9792 ©.9000
700,000 0821 9799 .9003
1,000,000 9827 * .9805 " .9020
100,000,000 9830 - .9808 - 9040 : f
i
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